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Introduction
Clouds play a critical role in determining the radiative budget of the atmosphere and x -4 SAYRES ET AL.: VALIDATION OF IWC-ZE RELATIONSHIPS ,, flying in formation so that all make observations of the same volume of atmosphere within 44 15 minutes of each other. Cloudsat, a 94 GHz cloud profiling radar, and CALIPSO, a two 45 channel (532 and 1064 nm) cloud and aerosol lidar, are focused on making high resolution 46 measurements of the microphysical properties of clouds such as IWC, median ice particle a7 volume diameter, and particle shape.
48
The physical properties of clouds are deduced by remote sensing instruments from 48 the attenuation and scattering of radar and lidar signals or by their infrared emission.
Radar instruments measure the reflectivity from cloud particles caused by the angular 5l dependence of scattering of the radar beam. The reflectivity, Ze, can be related related 52 to the IWC of the cloud via a power-law relationship detailed in section 2. Since different 53 clouds, and regions within a cloud, possess different particle-size distributions, habits, and 54 ice densities, a suite of relationships, each set representing a particular category of cloud, is required to describe an ensemble of cloud types. To determine which relationship to use for 56 a particular cloud and to minimize the uncertainty in the IWC-Z, relationships, several 57 approaches have been suggested using the extinction coefficient from lidar [ Wang and se Sassen, 2002a, b], the mean Doppler velocity [Donovan, 20031, or cloud top temperature 59 [Ltu and Illingworth, 20001 . However, given the ability to categorize clouds based on 60 remote measurements, great importance still must be placed on obtaining and validating coefficients for each cloud type.
U2
The first step in deriving IWC-Z, relationships for different clouds is to obtain IWC 63 and the corresponding 2,. Previous comparisons have used in situ particle size data 64 [Brown and Illingworth, 1995; Liu and Illingworth, 20001 or modeled size spectra of pure , where a term p9 accounting for particle shape has been added. 101 where K is a factor dependent on the refractive index of ice, m, f is the ratio of Mie to 102 Rayleigh scattering, h is a shape factor dependent upon the habit of the particles, and 103 the factor 0.93 is chosen so that for liquid water the relationship reduces to the equation 104 for spheroidal droplets. iOs IWC, defined as the mass of ice per unit volume of air, can be written as
where n is the number density of particles with volume, V, and mass density, p. By 
where IWC is measured in g/m3, Ze is measured in mm6m-3, and a and b are functions 16th and 18th. We use a simulation to evaluate sampling error in order to temporarily 301 remove the uncertainties associated with the instruments or with deriving IWC from 2, 302 from the analysis. This means that any differences between two synthetic measurements 303 from the simulation must be caused by sampling error resulting from insufficient overlap 304 between the two measurements.
305
TO quantify how close two measurements must be to each other in order to ensure that 306 the sampling error is less than or comparable to the instrument uncertainty we calculate 
